Objective: Multidetector-row computed tomography (MDCT) and serum tumor biomarkers are commonly used to evaluate the preoperative lymph node metastasis and the clinical staging of gastric cancer (GC). This study intends to evaluate the clinical predictive value of MDCT and serum tumor biomarkers in lymph node metastasis of GC.
Introduction
The incidence of gastric cancer (GC) has decreased in recent decades; however, it remains one of the most common fatal disease in the world (1) . Lymph node metastasis is one of the most important independent risk factors that can negatively affects the prognosis of patients with GC (2, 3) . Accurate preoperative diagnosis of lymph node metastasis is the key to giving important assistance for the preliminary assessment of the optimal therapy mode of tumors to improve the prognosis of GC patients. Thus far, multidetector-row computed tomography (MDCT) is one of the most practical methods for accurately detecting the extent of lymph node involvement in GC before surgery.
MDCT is superior to other physical examination methods for the initial assessment of lymph node metastatic staging of GC before surgery due to its higher sensitivity and specificity (4, 5) . Several studies have been demonstrated that serum tumor biomarkers provide some key markers to lymph node metastasis in GC (6) (7) (8) .
In light of the abovementioned considerations, we designed this study to analyze the clinical diagnostic values of MDCT in combination with serum tumor biomarkers for accurately predicting lymph node metastasis in GC before surgery.
Materials and methods

Patients
We recruited 701 patients who were diagnosed with GC and underwent the curative gastrectomy plus D2 lymphadenectomy in Tianjin Medical University Cancer Hospital in 2017. The eligibility criteria for inclusion in this study were as follows: 1) gastric adenocarcinoma identified using the histopathological examination; 2) both MDCT and serum tumor biomarkers were examined within a week before surgery; and 3) complete follow-up data collected. The exclusion criteria in this study were as follows: 1) neoadjuvant therapy performed before surgery; 2) concurrent with other cancers; or 3) residual stomach cancer. Ultimately, 445 GC patients were included in this study. The diameters of the lymph nodes in the preoperative MDCT scanning were measured by the researchers themselves in all patients and blinded to the pathological results. All patients' informed consent was obtained.
Clinicopathologic variables
The medical records of the patients' clinicopathologic data were reviewed, including the age at surgery, gender, primary tumor location, tumor size, depth of tumor invasion, tumor histopathological type, Lauren classification, type of gastrectomy, extent of lymphadenectomy, examined lymph node count, disease stage, vessel invasion, perineuronal invasion, soft tissue invasion, and vascular thrombus.
Surgical management
All patients underwent curative gastrectomy plus D2 lymphadenectomy. Primary tumors were resected en bloc using lymphadenectomy according to the guidelines of the Japanese Gastric Cancer Association (9). The surgical procedures were mainly based on the Japanese Gastric Cancer Treatment Guidelines (10).
Diagnostic criteria
Lymph nodes with the maximum short diameters <10.0 mm (or according to ROC of cut-off values <6.0 mm in our research) were considered as the negative nodes, whereas those with maximum short diameters ≥10.0 mm (or according to ROC of cut-off values ≥6.0 mm in our research) were diagnosed as positive nodes from the MDCT scanning results. The upper limitations of the normal value of diagnostic criteria for the four serum tumor biomarkers were as follows: 6.9 U/mL for carbohydrate antigen (CA)-724, 37 U/mL for CA-199, 20 U/mL for CA-242, and 5 μg/L for carcinoembryonic antigen (CEA).
Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics (Version 24.0; IBM Corp., New York, USA). Continuous variables were expressed as mean and range. The univariate correlation analysis was performed using the χ 2 test, and the multinomial logistic regression was performed for multivariate correlation analysis of various clinicopathologic characteristics. Statistical significance was defined as P<0.05. The receiver operating characteristic curve (ROC curve) and the area under the curve (AUC) were used to assess the independent and combined diagnostic values of MDCT and serum tumor markers for the lymph node metastasis of GC. 
Results
All
Univariate and multivariate analyses of risk factors of lymph node metastasis in GC patients
Eight factors showed significant statistical associations with lymph node metastasis of GC using the univariate correlation analysis: tumor size, depth of tumor invasion, tumor histopathological type, disease stage, type of gastrectomy, perineuronal invasion, soft tissue invasion, and vascular thrombus ( Table 1 ). All eight characteristics were included in a multivariate logistic regression analysis, where, tumor size, depth of tumor invasion, perineuronal invasion, vascular thrombus, and soft tissue invasion were demonstrated to be independently correlated factors to lymph node metastasis of GC ( Table 1) .
Clinical values of MDCT scanning in diagnosis of lymph node metastasis of GC patients before surgery
Usually, a maximum short diameter of a lymph node detected ≥10.0 mm by the MDCT scan is considered as a clinical metastatic node for GC patients (10). Initially, we adopted the criterion of a positive lymph node of GC as the maximum short diameter ≥10.0 mm of lymph nodes in MDCT. All GC patients included in the study were divided into two groups on the basis of lymph node metastasis status (N− for negative nodes, and N+ for positive nodes) assessed using both MDCT scanning before surgery and pathological examination after surgery, respectively. Compared with the postoperative pathological results of all included GC patients, the sensitivity, specificity and accuracy of MDCT scanning results of lymph node metastasis of GC were 48.0%, 86.6%, and 65.4%, respectively (P<0.001) ( Table 2) .
A large area under the ROC curve signified a high diagnostic accuracy. In the present study, AUC was 0.807 when the status of lymph node metastasis of GC was diagnosed using MDCT scanning before surgery ( Table 3 ; Figure 1A ). However, the optimal diagnostic maximum short diameter of lymph nodes using MDCT scanning for lymph node metastasis of GC was 6.0 mm, with various cut-off values of the maximum short diameter of lymph nodes included in the ROC curve analysis. The sensitivity and specificity values of the clinical lymph node metastatic staging diagnosed using MDCT scanning were shown in Table 4 . Results show that when the critical value for the diagnosis of lymph node metastasis is 6.0 mm, its sensitivity (75.8%) and accuracy (75.7%) increased, although the specificity (75.6%) was decreased slightly. There was a significant difference in the diagnostic value of lymph node metastasis between the critical value of 10 mm and 6 mm (χ 2 =59.112, P<0.001). In other words, the maximum short diameter of lymph node ≥6.0 mm in MDCT scanning shows excellent diagnostic value.
Comparison of clinical values of serum tumor biomarkers in lymph node metastasis group and non-lymph node metastasis group in diagnosis of GC before surgery
The clinical values of four serum tumor biomarkers (including CA-724, CA-199, and CA-242 and CEA) in diagnosing GC lymph node metastasis were elucidated. We found that the median and interquartile range of CA 4 .43 (7.74)] in nonlymph node metastasis group were significantly lower than those in lymph node metastasis group (P<0.05) ( Table 5) . Using the ROC curve analysis, the AUC of both CA-242 and CEA curves was found to be less than 0.7, whereas those of CA-724 and CA-199 were greater than 0.7 ( Figure  1B) . Furthermore, CA-724 and CA-199 showed excellent diagnostic values for lymph node metastasis of GC compared with CA-242 and CEA. Therefore, we removed CA-242 and CEA from the study. According to the ROC curve analysis, the optimal critical value of the diagnosis using CA-724 and CA-199 for lymph node metastasis of GC was 2.69 U/mL and 25.10 U/mL, respectively, with various cut-off values of the critical value of the diagnosis included in the ROC curve analysis.
Combination serum tumor biomarkers (CA-724 and CA-199) with MDCT scanning in diagnosis of lymph node metastasis in GC
In order to improve the sensitivity of the diagnosis, we determined positive for lymph node metastasis when any of MDCT scanning, CA-724 or CA-199 was diagnosed positive. The sensitivity, specificity and accuracy of the lymph node metastasis diagnosed using CA-724 (the positive diagnostic criteria were higher than 2.69 U/mL) combined with CA-199 (the positive diagnostic criteria were higher than 25.10 U/mL), were 65.9%, 78.6%, and 71.7%, respectively. While, the sensitivity, specificity and accuracy of the lymph node metastasis diagnosed using MDCT, multidetector-row computed tomography; CA, carbohydrate antigen; a , the maximum short diameter of lymph node ≥10.0 mm to be diagnosed as the positive lymph node; b , the maximum short diameter of lymph node ≥6.0 mm to be diagnosed as the positive lymph node in MDCT scanning; c , The upper limitations of the normal value of diagnostic criteria was 2.51 U/mL for CA-724; d , The upper limitations of the normal value of diagnostic criteria was 25.13 U/mL for CA-199.
MDCT scanning combined with CA-724 and CA-199 in diagnosing lymph node metastasis of GC were 89.3%, 61.2%, and 77.6%, respectively ( Figure 1B ). Thus, MDCT scanning combined with CA-724 and CA-199 can improve the preoperative sensitivity and accuracy of lymph node metastasis for GC patients.
Discussion
Lymph node metastasis, tumor invasion depth and distant metastasis are important factors affecting the prognosis of GC patients. Assessing the lymph node metastasis before surgery is essential. In this study, tumor size, depth of tumor invasion, perineuronal invasion, vascular thrombus, and soft tissue invasion were independent risk factors for lymph node metastasis of GC. In particular, the tumor size and depth of tumor invasion can be well evaluated by endoscopic ultrasonography before surgery (12) . Patients with tumors larger than 4 cm in diameter or the depth of invasion was deeper should be highly vigilant for lymph node metastasis. Nevertheless, no gold standard exists for the preoperative diagnosis of lymph node metastasis in GC patients. Moreover, the National Comprehensive Cancer Network (NCCN) does not have a recommended specific imaging examination to diagnose lymph node metastasis. MDCT scanning is the most commonly used imaging examination to evaluate the preoperative lymph node metastasis of GC. Previous studies have reported that the sensitivity and specificity of the diagnosis of lymph node metastasis of GC range from 27% to 90% and 60% to 91%, respectively (13) (14) (15) . Furthermore, the ideal diagnostic criteria should be highly specific and sensitive. The criteria for the diagnosis of lymph node metastasis of GC using MDCT scanning are extremely controversial (14, (16) (17) (18) . The size of the lymph nodes is the most commonly used standard to diagnose lymph node metastasis, where 10.0 mm is generally considered to signal potentially positive lymph node metastasis (19, 20) . However, the diagnostic criteria for lymph node metastasis have been different in previous studies. Yan et al. (21) considered that the detection rate of lymph node metastasis is related to the location of the lymph nodes. A short diameter of perigastric lymph node ≥6.0 mm, or a short diameter of extraperigastric lymph node ≥8.0 mm is the diagnostic criteria for lymph node metastasis. Kawaguchi et al. (22) took the short diameter of lymph nodes ≥8.0 mm, an MDCT value of the enhancement portal phase was greater than 100 HU, and round lymph nodes as bases for a positive diagnosis of lymph node metastasis. In this study, when the maximum short diameter of lymph nodes ≥10 mm in MDCT scanning was used as the diagnostic criteria for lymph node metastasis, although the specificity in the diagnosis of lymph node metastasis was up to 86.6%, the sensitivity was only 48.0%, and the accuracy was poor. Similar results were obtained by Kubota et al. (20) . According to the cut-off value, when 6.0 mm was used as the diagnostic critical value of positive lymph nodes, sensitivity, specificity and accuracy reached 75.6%, 77.8%, and 75.7%, respectively. Sensitivity decreased slightly, but specificity and accuracy increased compared with 10.0 mm as the diagnostic criteria. Results were similar to those of Morgagni et al. (13) . In addition, our study believes that when there is no lymph node metastasis or numerous lymph node metastases are present, the preoperative cN staging is easier to distinguish, while the number of lymph node metastasis in the cN1 and cN2 stages ranges from 1 to 6, the preoperative staging is more difficult than that in cN0 and cN3 stages. Thus, MDCT scanning has certain limitations for preoperative N staging. The detection of serum tumor biomarkers is simple and reproducible. However, most of the serum tumor biomarkers are non-specific antigens with low sensitivity and specificity. CA-724, CA-242, CA-199 and CEA are widely used for screening gastrointestinal tumors. Previous studies suggested that combining these four serum tumor biomarkers in detecting GC could improve the sensitivity and specificity of the diagnosis (23) (24) (25) . However, the diagnostic value of serum tumor biomarkers for lymph node metastasis of GC is rarely studied. Among the four serum tumor biomarkers, CA-724, CA-199, and CEA are considered as reliable biomarkers in terms of their diagnostic value in lymph node metastasis of GC in most previous studies (6, (26) (27) (28) (29) (30) . For example, Kim et al. (26) and Duraker et al. (27) deemed that CEA has a satisfactory diagnostic value in the diagnosis of GC and lymph node metastasis. Ucar et al. (28) showed that CA-724 and CA-199 in the lymph node metastasis group were significantly higher than in the non-lymph node metastasis group. Chen et al. (29) reported that CA-724 is the most relevant tumor marker for GC, and the combined detection of CA-724, CA-199 and CEA can improve diagnostic sensitivity without affecting specificity. Li et al. (6) found that the level of serum tumor biomarkers was significantly higher in lymph node metastasis group than in non-lymph node metastasis group, and the positive rate of serum tumor biomarkers was also increased with the increase of N staging. CA-242 is mainly used for preoperative screening of gastrointestinal tumors such as colorectal cancer and pancreatic cancer (31,32), but there are few studies on the diagnostic value of lymph node metastasis in gastric cancer.
In the present study, we found that the levels of CA-724, CA-199 and CA-242 were significantly different between MDCT, multidetector-row computed tomography; *, the maximum short diameter of lymph node ≥6.0 mm to be diagnosed as the positive lymph node in MDCT scanning. The above data were not normally distributed, rank sun test; *, P<0.05.
the lymph node metastasis group and the non-lymph node metastasis group, whereas the CEA level was not. The ROC curve showed that the AUC of CA-724 and CA-199 was greater than 0.7, indicating a satisfactory diagnostic accuracy for lymph node metastasis of GC, whereas the AUC of both CA-242 and CEA was less than 0.7, indicating a poor diagnostic accuracy for the lymph node metastasis of GC. Although the level of serum tumor biomarkers in the lymph node metastasis group was higher than that of the non-lymph node metastasis group, it cannot independently used to evaluate the presence of lymph node metastasis in GC patients. NCCN guidelines also did not recommend serum tumor biomarkers as indicators for preoperative evaluation of lymph node metastasis in GC patients (7) . In this study, we have reason to believe that CA-724 and CA-199 can show excellent sensitivity and specificity in the codiagnosis of lymph node metastasis of GC as an auxiliary of MDCT scanning. In other words, the level of serum tumor biomarkers and MDCT scanning can be combined to diagnose the presence of lymph node metastasis before surgery in GC patients, to some extent, CA-724 and CA-199 could enhance the sensitivity of the lymph nodes metastasis of GC patients.
This study has several limitations. First, other factors, such as the location and morphology of lymph nodes, were not considered except the size of lymph nodes when lymph node metastasis in GC was diagnosed. Second, imaging cannot clearly determine the location and the number of lymph nodes before operation. In the areas where the vascular shape is clear, such as in the abdominal aorta and splenic artery, the metastatic lymph nodes are relatively clear, and the diagnostic rate of positive lymph nodes using MDCT scanning is relatively high. The diagnostic rate of positive lymph nodes was extremely low in the area with unclear vascular shape. Finally, inflammation can also cause lymph node enlargement. Therefore, lymph node enlargement caused by inflammation or metastasis of cancer is sometimes hard to distinguish (33) , which affects the diagnosis of lymph node metastasis.
